Effect of maturity stage on the nutritive vaule of native grass hay by Rao, M.R. et al.
Kansas Agricultural Experiment Station Research Reports 
Volume 0 
Issue 1 Cattleman's Day (1993-2014) Article 1376 
1972 




See next page for additional authors 
This report is brought to you for free and open access by New 
Prairie Press. It has been accepted for inclusion in Kansas 
Agricultural Experiment Station Research Reports by an 
authorized administrator of New Prairie Press. Copyright 1972 
Kansas State University Agricultural Experiment Station and 
Cooperative Extension Service. Contents of this publication 
may be freely reproduced for educational purposes. All other 
rights reserved. Brand names appearing in this publication are 
for product identification purposes only. No endorsement is 
intended, nor is criticism implied of similar products not 
mentioned. K-State Research and Extension is an equal 
opportunity provider and employer. 
Follow this and additional works at: https://newprairiepress.org/kaesrr 
 Part of the Other Animal Sciences Commons 
Recommended Citation 
Rao, M.R.; Harbers, L.H.; Latschar, A.M.; and Smith, E.F. (1972) "Effect of maturity stage on the nutritive 
vaule of native grass hay," Kansas Agricultural Experiment Station Research Reports: Vol. 0: Iss. 1. 
https://doi.org/10.4148/2378-5977.2779 
Effect of maturity stage on the nutritive vaule of native grass hay 
Abstract 
The evaluation of pastures by esophageally fistulated steers requires artificial rumen techniques to 
determine digestibilities of grasses. To develop a regression curve between data obtained by an artificial 
rumen and those from a grazing animal, we conducted a series of metabolism studies and artificial 
rumen trials using native prairie hay from the Flint Hill area cut at three maturity stages. 
Keywords 
Cattlemen's Day, 1972; Report of progress (Kansas State University. Agricultural Experiment Station); 557; 
Beef; Grass Hay; Maturity 
Creative Commons License 
This work is licensed under a Creative Commons Attribution 4.0 License. 
Authors 
M.R. Rao, L.H. Harbers, A.M. Latschar, and E.F. Smith 
This research report is available in Kansas Agricultural Experiment Station Research Reports: 
https://newprairiepress.org/kaesrr/vol0/iss1/1376 
E f f e c t  o f  M a t u r i t y  S t a g e  o n  t h e  N u t r i t i v e  V a l u e
o f  N a t i v e  G r a s s  H a y
M. R. Rao, L. H. Harbers, A. M. Latschar,
a n d  E .  F .  S m i t h
T h e  e v a l u a t i o n  o f  p a s t u r e s  b y  e s o p h a g e a l l y  f i s t u l a t e d
s t e e r s  r e q u i r e s  a r t i f i c i a l  r u m e n  t e c h n i q u e s  t o  d e t e r m i n e
d i g e s t i b i l i t i e s  o f  g r a s s e s . T o  d e v e l o p  a  r e g r e s s i o n  c u r v e
b e t w e e n  d a t a  o b t a i n e d  b y  a n  a r t i f i c i a l  r u m e n  a n d  t h o s e  f r o m
a  g r a z i n g  a n i m a l , w e  c o n d u c t e d  a  s e r i e s  o f  m e t a b o l i s m  s t u d i e s
a n d  a r t i f i c i a l  r u m e n  t r i a l s  u s i n g  n a t i v e  p r a i r i e  h a y  f r o m
t h e  F l i n t  H i l l  a r e a  c u t  a t  t h r e e  m a t u r i t y  s t a g e s .
T w e l v e  A n g u s  s t e e r s  ( a v e r a g e  w e i g h t ,  6 4 2  l b s . )  w e r e  f e d
a d  l i b i t u m  q u a n t i t i e s  o f  h a y s  h a r v e s t e d  i n  J u n e ,  J u l y ,  a n d
S e p t e m b e r  i n  a  f a c t o r i a l l y  d e s i g n e d  e x p e r i m e n t . Sodium
c h l o r i d e  a n d  w a t e r  w e r e  a v a i l a b l e  f r e e  c h o i c e . A n i m a l s  w e r e
m a i n t a i n e d  o n  e a c h  h a y  1 4  d a y s  b e f o r e  b e i n g  p u t  i n t o  m e t a -
b o l i s m  c r a t e s . T h e n  a  7 - d a y  c o l l e c t i o n  p e r i o d  f o l l o w e d  a
7 - d a y  a d j u s t m e n t  i n t e r v a l .
R e s u l t s  a n d  D i s c u s s i o n
C o m p o s i t i o n s  o f  t h e  t h r e e  h a y s  a r e  g i v e n  i n  t a b l e  4 .
N u t r i e n t s  t h a t  d e c r e a s e d  w i t h  m a t u r i t y  w e r e  c r u d e  p r o t e i n ,
n e u t r a l  d e t e r g e n t  f i b e r , a s h - f r e e  n e u t r a l  d e t e r g e n t  f i b e r ,
a c i d  d e t e r g e n t  f i b e r ,  a n d  c a l c i u m .  C e l l u l o s e  a n d  l i g n i n
i n c r e a s e d  w i t h  m a t u r i t y ,  w h i l e  h e m i c e l l u l o s e ,  c r u d e  f i b e r ,
a n d  n i t r o g e n  f r e e  e x t r a c t i v e s  r e m a i n e d  e q u i v o c a l .
D i g e s t i b i l i t y  c o e f f i c i e n t s  ( a s  % )  a r e  p r e s e n t e d  i n
t a b l e  5 . N u t r i e n t  d i g e s t i b i l i t i e s  w e r e  g e n e r a l l y  h i g h e s t
f o r  J u n e  h a y , l o w e s t  f o r  S e p t e m b e r . W i t h  c e r t a i n  e x c e p t i o n s
( n i t r o g e n - f r e e  e x t r a c t i v e s ,  h e m i c e l l u l o s e ,  c a l c i u m )  S e p t e m b e r
h a y  w a s  p o o r e r  t h a n  J u l y  h a y . S t e e r s  m a i n t a i n e d  a  p o s i t i v e
n i t r o g e n  b a l a n c e  o n  J u n e  a n d  J u l y  s a m p l e s ,  b u t  n o t  o n  t h e
S e p t e m b e r  h a y .
C a l c i u m  a n d  p h o s p h o r o u s  b a l a n c e s  ( t a b l e  6  )  c a n n o t  b e
i n t e r p r e t e d  a s  n i t r o g e n  b a l a n c e  i s  b e c a u s e  o f  d i f f e r e n t
m e t a b o l i c  p a t h w a y s ;  h o w e v e r ,  C a  &  P  b a l a n c e s  i n d i c a t e  w h e n
a d d i t i o n a l  m i n e r a l  s u p p l e m e n t a t i o n  i s  n e e d e d . C a l c i u m
e q u i l i b r i u m  w a s  m a i n t a i n e d  e x c e p t  o n  S e p t e m b e r  h a y . E x c r e -
t i o n  w a s  r e l a t i v e l y  c o n s t a n t  s o  m a i n t e n a n c e  o f  e q u i l i b r i u m
w a s  r e l a t e d  t o  i n t a k e . T h e  s t e e r s  w e r e  i n  n e g a t i v e  p h o s p h o r o u s
b a l a n c e  o n  J u n e  a n d  S e p t e m b e r  h a y s  b u t  m a i n t a i n e d  p h o s p h o r o u s
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e q u i l i b r i u m  o n  J u l y  h a y .  P h o s p h o r o u s  w a s  b e l o w  t h e  a n i m a l s '
r e q u i r e m e n t  f o r  a l l  h a y s , s o  a l l  s h o u l d  p r o d u c e  a  n e g a t i v e
p h o s p h o r o u s  b a l a n c e , b u t  t h a t  w a s  n o t  t h e  c a s e . T h e  n e g a t i v e
p h o s p h o r o u s  b a l a n c e s  m a y  b e  p a r t i a l l y  e x p l a i n e d  b y  t h e  d i f -
f e r e n c e s  i n  C a : P  r a t i o . P o s i t i v e  p h o s p h o r o u s  b a l a n c e  w a s
m a i n t a i n e d  o n l y  w i t h  J u l y  h a y  w h e n  t h e  C a : P  r a t i o  w a s  2 . 7 5 : 1 .
P h o s p h o r o u s  r a t i o s  s e e m  t o  b e  m o r e  i m p o r t a n t  t h a n  p h o s p h o r o u s
l e v e l . A n  e x c e s s  o f  e i t h e r  c a l c i u m  o r  p h o s p h o r o u s  d e c r e a s e s
a b s o r p t i o n  o f  t h e  o t h e r  b e c a u s e  i n s o l u b l e  t r i c a l c i u m  p h o s p h a t e
i s  f o r m e d . O t h e r  m i n e r a l s ,  n o t  e v a l u a t e d ,  s u c h  a s  m a g n e s i u m ,
m a n g a n e s e ,  i r o n , a n d  z i n c  a l s o  i n t e r f e r e  w i t h  p h o s p h o r o u s
a b s o r p t i o n .
A v e r a g e  d a i l y  d r y  m a t t e r  i n t a k e  w a s  1 3 . 3 0 ,  1 1 . 8 3 ,  a n d
1 0 . 0 7  l b s . ,  o n  J u n e ,  J u l y ,  a n d  S e p t e m b e r  h a y ,  r e s p e c t i v e l y .
A n i m a l s  m a i n t a i n e d  p o s i t i v e  n i t r o g e n  b a l a n c e  o n  J u n e  a n d  J u l y
h a y s  e v e n  t h o u g h  c a l c u l a t e d  d i g e s t i b l e  p r o t e i n  v a l u e s  w e r e
l o w  ( t a b l e  6 ) .
I n t a k e  i s  u s u a l l y  l o w e r  i n  c a t t l e  c o n f i n e d  t o  m e t a b o l i s m
s t a l l s  t h a n  t h o s e  p e n n e d  o r  i n  a  p a s t u r e . I n c r e a s i n g  d a i l y
i n t a k e  i n  s t a l l s  l i k e l y  w o u l d  n o t  c h a n g e  d i g e s t i o n  c o e f f i c i e n t s .
T a b l e  4  . N u t r i e n t  c o m p o s i t i o n  ( d r y  m a t t e r )  o f  n a t i v e  h a y
c u t  i n  i n d i c a t e d  m o n t h .
N u t r i e n t
Hay Cut
J u n e J u l y S e p t e m b e r
D r y  m a t t e r ,  % 9 4 . 7 0 9 4 . 8 3 9 4 . 9 3
C r u d e  p r o t e i n ,  % 5 . 5 2 4 . 5 0
C r u d e  f i b e r ,  %
3 . 4 3
3 2 . 9 8 3 6 . 2 1 3 4 . 6 9
E t h e r  e x t r a c t ,  % 1 . 9 9 1 . 4 8 1 . 6 8
Ash,  % 6 . 4 6 6 . 4 0 7 . 6 8
Nitrogen-free extract, % 4 7 . 7 4 4 6 . 1 6 4 7 . 4 3
N e u t r a l  d e t e r g e n t  f i b e r ,  % 7 9 . 0 6 7 8 . 1 2 7 2 . 0 3
A s h  f r e e  n e u t r a l  d e t e r g e n t  f i b e r ,  % 7 8 . 0 2
A c i d  d e t e r g e n t  f i b e r ,  %
7 5 . 4 3 7 1 . 2 4
6 5 . 0 0 5 4 . 7 7 5 4 . 4 8
O r g a n i c  m a t t e r ,  % 8 8 . 2 4 8 8 . 3 3 8 7 . 2 5
* C e l l u l o s e ,  % 4 7 . 6 9 4 8 . 2 3 5 1 . 0 9
*Hemicellulose, % 3 4 . 5 0 3 3 . 8 6 3 4 . 6 6
* L i g n i n ,  % 1 0 . 7 8 1 0 . 1 7 1 2 . 4 5
Ca lc ium,  % 0 . 4 2 0 0 . 2 8 9 0 . 3 5 9
P h o s p h o r o u s ,  % 0 . 1 0 2 0 . 1 0 5 0 . 0 9 0
C a : P  r a t i o 4 . 1 9 2 . 7 5 3 . 9 8
* E x p r e s s e d  a s  p e r c e n t  o f  c e l l  w a l l .
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T a b l e  5 . D i g e s t i b l e  n u t r i e n t  c o n t e n t  a n d  n u t r i t i v e  v a l u e
i n d e x  o f  n a t i v e  h a y s  c u t  a t  t h r e e  m a t u r i t y  s t a g e s .
C o n s t i t u e n t
Hay  Cut
J u n e J u l y S e p t e m b e r
D r y  m a t t e r ,  % 6 2 . 6 1 5 1 . 8 4 5 1 . 0 0
O r g a n i c  m a t t e r ,  % 6 0 . 1 5 5 0 . 2 7 5 1 . 5 3
C r u d e  p r o t e i n ,  % 2 . 4 4 2 . 0 1 1 . 1 2
C r u d e  f i b e r ,  % 2 3 . 6 0 2 3 . 6 6 2 1 . 0 4
E t h e r  e x t r a c t ,  % . 8 1 . 5 8
2 7 . 0 8
. 8 4
N i t r o g e n  f r e e  e x t r a c t ,  % 3 3 . 9 0 2 7 . 4 2
TDN,  % (as  f ed ) 5 8 . 4 4 5 1 . 2 4 4 8 . 7 2
TDN, % (dry) 6 1 . 7 2 5 4 . 0 4 5 1 . 3 3
N u t r i t i v e  v a l u e  i n d e x  ( d r y ) * 4 3 . 4 8 3 5 . 0 5 2 8 . 3 5
* S t a n d a r d  f o r a g e  v a l u e  =  7 0 . 0 0
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T a b l e  6 . N i t r o g e n ,  c a l c i u m , a n d  p h o s p h o r o u s  b a l a n c e s  a n d
n u t r i e n t  d i g e s t i b i l i t i e s  o f  h a y s  f e d  t o  s t e e r s .
C o n s t i t u e n t
Hay  Cut
J u n e J u l y S e p t e m b e r
D r y  m a t t e r ,  % 6 6 . 1 1 5 4 . 6 7 5 3 . 7 3
O r g a n i c  m a t t e r ,  % 6 8 . 1 7 5 6 . 8 5 5 9 . 0 6
C r u d e  p r o t e i n ,  % 4 4 . 2 7 4 4 . 6 0 3 2 . 6 9
C r u d e  f i b e r ,  % 7 1 . 5 5 6 5 . 3 4 6 0 . 6 6
E t h e r  e x t r a c t ,  % 4 0 . 9 4 3 9 . 5 7 4 9 . 7 3
N i t r o g e n  f r e e  e x t r a c t ,  % 7 1 . 0 2 5 8 . 6 7 5 7 . 8 2
D i g e s t i b l e  e n e r g y ,  %
N e u t r a l  d e t e r g e n t  f i b e r ,  %
A c i d  d e t e r g e n t  f i b e r ,  %
C e l l u l o s e ,  %
Hemicel lu lose ,  %
D a i l y  C a  i n t a k e ,  g m . 2 1 . 5 0 1 5 . 5 4 1 3 . 6 0
D a i l y  f e c a l  C a ,  g m . 1 7 . 4 0 1 5 . 1 7 1 5 . 6 9
D a i l y  u r i n a r y  C a ,  g m . . 0 7 . 0 5 . 0 7
D a i l y  C a  b a l a n c e ,  g m . 4 . 0 7 0 0 . 3 2 - 2 . 1 6
D a i l y  P  i n t a k e ,  g m . 6 . 0 5
D a i l y  f e c a l  P ,  g m . 1 1 . 5 6
D a i l y  u r i n a r y  P ,  g m . . 0 2
D a i l y  P  b a l a n c e ,  g m . - 5 . 5 3
D a i l y  N  i n t a k e ,  g m . 5 2 . 7 9 3 9 . 9 7 2 5 . 5 1
D a i l y  f e c a l  N ,  g m . 2 7 . 3 2 2 4 . 6 5 1 9 . 1 6
D a i l y  N  a b s o r b e d ,  g m . 2 5 . 4 7 1 5 . 3 2 6 . 7 5
D a i l y  U r i n a r y  N ,  g m . 1 4 . 1 4 7 . 6 7 7 . 0 1
D a i l y  N  r e t a i n e d ,  g m . 1 1 . 2 4 6 . 6 6 - 0 . 2 6
N  r e t a i n e d  o f  a b s o r b e d ,  % 4 4 . 1 0 5 0 . 0 0 N e g a t i v e
6 5 . 9 1 5 6 . 7 2 5 2 . 0 4
7 1 . 5 6 5 9 . 0 5 5 3 . 9 7
7 1 . 0 5 6 0 . 5 9 6 3 . 9 4
7 7 . 2 3 6 9 . 2 7 6 9 . 1 8
5 . 7 3 3 . 3 1
4 . 6 8 3 . 9 6
01
1 . 0 7
.01
- 0 . 6 6
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